SUMMARY Calcifi cation of the interclinoid ligament (ICL) of the sella turcica, or sella turcica bridging, has been associated with severe craniofacial deviations. Despite no comprehensive study on the sella turcica bridge, a relationship with tooth and eruption disturbances has been reported. In order to investigate whether congenital absence of the second mandibular premolar, or the presence of a palatally displaced canine (PDC), is associated with sella bridging, a retrospective study was performed.
Introduction
Cephalometric fi lms and tracings are mainly used for the evaluation of skeletal and dental patterns as a basis for predicting facial growth. However, in addition, they contain other diagnostic information concerning the skull, face, and upper cervical spine. A number of studies have described skeletal abnormalities and normal variants on cephalometric radiographs and some of these have dealt with the calcifi cation of the interclinoid ligament (ICL) of the sella turcica ( Bisk and Lee, 1976 ; Kantor and Norton, 1987 ; Tetradis and Kantor, 1999 ) .
In healthy subjects, the occurrence of sella bridging ranges from 3.8 to 13 per cent ( Cederberg et al. , 2003 ; Axelsson et al. , 2004a , b ; Jones et al. , 2005 ) .
A clear tendency towards a greater frequency of sella turcica bridge has been described in patients with severe craniofacial deviations ( Becktor et al. , 2000 ) . In that study, 177 lateral cephalometric radiographs were reviewed and a sella turcica bridge was observed in 18.6 per cent of subjects. In patients treated by combined surgical orthodontics, the incidence of bridging was reported to be 16.7 per cent, but only 7.3 per cent in the group treated orthodontically ( Jones et al. , 2005 ) .
However, more frequently, an altered morphology of the sella turcica seems to be caused by congenital malformations. In fact, sella bridging has been reported as a radiographic feature of basal cell carcinoma (Gorlin -Goltz) syndrome, along with calcifi cation of the falx cerebri ( Kimonis et al. , 1997 ).
An altered sella turcica morphology, or bridging of the sella, is also present in some patients with other disorders and syndromes ( Kjaer et al. , 1998 ( Kjaer et al. , , 1999 ( Kjaer et al. , , 2001 Russell and Kjaer, 1999 ) . In these subjects, the altered structure of the sella turcica has been related to the syndrome.
Formation and development of the sella turcica and teeth share, in common, the involvement of neural crest cells. In fact, the anterior part of the sella turcica is believed to develop mainly from neural crest cells, and dental epithelial progenitor cells differentiate through sequential and reciprocal interaction with neural crest-derived mesenchyme ( Miletich and Sharpe, 2004 ; Morotomi et al. , 2005 ) . Notwithstanding this developmental relationship, no systematic study has been undertaken to examine the presence of any association between a sella turcica bridge and dental anomalies. The only previous study ( Tetradis and Kantor, 1999 ) was limited to describing the prevalence of dental anomalies and skull calcifi cation and normal variants seen on cephalometric radiographs without presenting any correlations between them.
Accordingly, this retrospective study was performed to evaluate the prevalence of a sella turcica bridge in young subjects with congenital dental anomalies ( Pirinen et al. , 1996 ;  581 SELLA TURCICA BRIDGE AND DENTAL ANOMALIES Arte et al. , 2001 ; Peck et al. , 2002 ) , such as a palatally dis placed canine (PDC) or missing mandibular second premolar.
Subjects and methods

Study population
The treatment records of 34 Caucasian subjects (20 males and 14 females), aged between 8 and 16 years, with a PDC or missing mandibular second premolar were selected from a large number of patients seen during a 24-month period in the Department of Orthodontics, University of Catania. For inclusion in the study, the case records were required to include good quality lateral cephalometric radiographs and dental pantomograms. The exclusion criteria were the presence of a cleft lip and palate or other craniofacial anomaly or syndrome, trauma and multi-reagent chemotherapy, and subjects with severe craniofacial deviations who had combined surgical-orthodontic treatment ( Becktor et al. , 2000 ; Jones et al. , 2005 ) . The PDC group comprised 18 subjects (11 males and 7 females), and the missing mandibular second premolar group 16 consecutively treated subjects (9 males and 7 females).
The diagnosis was made on the basis of clinical examination and diagnostic radiographs, according to established standardized techniques ( Seward, 1963 ; Hunter, 1981 ; Becker, 1998 ) .
Control group
A power analysis suggested that a sample size of 135 patients was required to signifi cantly evaluate differences in the calcifi cation of the sella turcica between subjects and a control group. Thus, the control group consisted of 135 subjects (81 males and 54 females). This group represented randomly selected Caucasians treated at the University Orthodontic Clinic, during the previous 3 years. The exclusion criteria were the same as for the study population.
Since age has been identifi ed as a risk factor for calcifi cation of the sella turcica ( Cederberg et al. , 2003 ) , and the dissimilar age distribution in the sample with respect to the population could distort the prevalence of calcifi cation, the sample was post-stratifi ed according to age distribution of the population of Catania ( Table 1 ). The demographics statistics of the population, at 1 January 2001, was obtained from the National Institute of Statistics (http:www.istat.it), and used to determine the weights of each stratum. The poststratifi cation thus helped to improve the estimator of prevalence by taking advantage of the correct utilization of appropriate sources of information.
Cephalometric analyses
In order to quantify the extent of a sella turcica bridge from each profi le radiograph, the length and diameter were calculated ( Axelsson et al. , 2004a , b ) . Briefl y, the sella turcica was measured by tracing the contour of the pituitary fossa from the tip of the dorsum sellae to the tuberculum sella. The length of the sella turcica was measured as the distance from the tuberculum sella to the tip of the dorsum sellae; this straight line corresponded to the position of diaphragma sellae. The antero-posterior greatest diameter of the sella turcica was measured from the tuberculum sella to the most posterior point on the inner wall of the pituitary fossa.
The cephalometric radiographs were traced and measured manually by one observer (RL), in a dark room. The tracings were made on ultraphan transparent acetate sheets (20.3 × 25.4 cm with a thickness of 0.003 inches), on a luminator using a Pentel 0.5-mm lead pencil.
A standardized scoring scale was established which consisted of comparing measurements of the sella turcica length and diameter. If the length of the sella turcica was greater than or equal to three-fourths of the diameter, the sella was scored as Class I (no calcifi cation); if less than or equal to three-quarters (ICL partially calcifi ed) as Class II; and Class III for a radiographically visible diaphragma sella (ICL completely calcifi ed).
Method error
Duplicate tracings of 20 fi lms were made on two separate occasions by the same author with a 2-week interval between tracings, and the random error was assessed as described by Dahlberg (1940) and Houston (1983) . The difference between the fi rst and second measurements of the 20 radiographs was not signifi cant.
The measurement errors ranged from 0.12 to 0.18 mm for both length and diameter and were not signifi cant. On this basis, it was considered that the experimental error was unlikely to bias the accuracy of the sella measurements. 
Statistical analyses
Statistical comparisons included independent chi-square tests, Spearman's correlations, and ordinal logistic regression in order to evaluate any dependence between the three classes of degree of calcifi cation, and gender, age, and dental anomalies.
Results
Data on the age and gender distribution of the study sample are reported in Table 2 . Chi-square statistics were computed to evaluate whether the conditional distribution of the degree of calcifi cation for males was similar to that for females. The test was not signifi cant ( P = 0.076) suggesting no dependence between the degree of calcifi cation and gender (data not shown).
Spearman's rank correlation between age in the Classes and the degree of calcifi cation was signifi cant ( P = 0.003) with a weak positive correlation ρ = 0.255, suggesting a slightly increased degree of ICL calcifi cation for increased age. The distribution of the age in Classes and the degree of calcifi cation of the adolescents are shown in Table 3 .
The distribution of the degree of calcifi cation for adolescents with and without dental anomalies is shown in Table 3 . The prevalence of complete calcifi cation in adolescents without anomalies was 9.9 per cent, while for those with a dental anomaly it was 17.6 per cent. In adolescents without anomalies, the prevalence of a partially calcifi ed sella turcica (>3/4) was 33.7 per cent and increased to 58.8 per cent for adolescents with dental anomalies ( Table 3 ) .
Chi-square statistics confi rmed that there was a signifi cant association between ICL degree of calcifi cation and the presence of dental anomalies ( P = 0.004). Sixteen per cent of cells had expected values of less than 5; therefore, Fisher's exact test was used to confi rm the chi-square test.
This statistic was also signifi cant ( P = 0.003) and equal to 11.462, thus verifying the hypothesis that calcifi cation of sella turcica bridging is associated with dental anomalies.
For the adolescents with dental anomalies (34 subjects), the prevalence of those with a PDC that had a partially calcifi ed sella turcica ( Figure 1 ) increased to 77.8 per cent ( Table 4 ) , while for those with missing second premolars, it was lower (37.5 per cent), although higher in adolescents with no dental anomalies (33.7 per cent). Overall, a sella turcica bridge ( Figure 2 ) was observed in 16.7 per cent of subjects with a PDC and in 18.7 per cent of patients with missing second premolars.
The result of ordinal logistic regression (PoLytomous Universal Model) where the degree of calcifi cation is predicted by gender, age, and dental anomalies is shown in the tables. Signifi cant chi-square statistics equal to 21.12 ( P = 0.0) indicate that the model is a signifi cant improvement over the baseline intercept-only model. It can be observed that the signifi cant parameters for age ( P = 0.004) and dental anomalies ( P = 0.008) confi rm that these two predictors signifi cantly explain the degree of calcifi cation of the sella turcica ( Table 5 ) .
Discussion
Calcifi cation of diaphragma sellae, which radiologically has been described as ' roofi ng ' or ' bridging ' of the sella, in the absence of clinical signs or symptoms, is considered a normal variant of the sella turcica ( Kantor and Norton, 1987 ) , although many pathological processes can be associated with this calcifi cation.
As far as aetiology is concerned, it has been suggested that an ICL is laid down in cartilage at an early stage of development and then ossifi es in very early childhood. This ossifi cation can be due to the complex embryology of the Table 3 Degree of calcifi cation of the sella turcica in adolescents with and without dental anomalies (chi-square = 11.034, P = 0.004).
( n ) % within anomalies Adolescents without dental anomalies Adolescents with dental anomalies Total Sella < 3/4 calcifi ed (57) sphenoid bone ( Hochstetter, 1940 ; Kier, 1966 ; Lang, 1977 ; Inoue et al. , 1990 ; Becktor et al. , 2000 ) . According to this theory, a sella turcica bridge should be considered a developmental anomaly. Moreover, as the area anterior to the sella turcica in the early embryonic period develops predominantly from neural crest cells, any structural deviations in the anterior wall are believed to be related to specifi c deviations in the facial skeleton ( Kjaer et al. , 1998 ) . In this study, the prevalence of a sella turcica bridge was investigated in a group of patients with tooth abnormalities (i.e. the presence of a PDC or congenital absence of the mandibular the second premolar) and compared with normal subjects.
Among tooth anomalies, a PDC and second premolar hypodontia were chosen as they have been reported as belonging to the same spectrum of dental abnormalities ( Pirinen et al. , 1996 ; Baccetti, 1998 ; Peck et al. , 2002 ) which is genetically determinated and phenotypically heterogenous ( Pirinen et al. , 1996 ; Arte et al. , 2001 ) .
The data from this study suggest an incidence of 9.9 per cent for complete calcifi cation for the ICL in the control sample. This result is consistent with the reported radiographic data of a sella turcica bridge in normal subjects ( Becktor et al. , 2000 ; Cederberg et al. , 2003 ) . On the other hand, patients with tooth abnormalities showed a frequency of 17.6 per cent for a sella turcica bridge (16.7 per cent in patients with a PDC and 18.7 per cent in subjects with second premolar agenesia) which is similar to that for subjects with severe craniofacial deviations ( Becktor et al. , 2000 ) . The presence of a partially calcifi ed sella was also increased in patients with dental abnormalities (60.6 per cent) versus control group (33.7 per cent).
Molecular studies of odontogenesis, using the mouse tooth as a model, have shown that tooth development is under strict genetic control, which determines tooth position, Table 4 Degree of calcifi cation according to dental anomalies (chi-square = 6.553, P = 0.041).
( n ) % within sella, % within anomalies number, size, and shape ( Thesleff, 1998 ; Peters and Balling, 1999 ; Vastardis, 2000 ) . Although tooth agenesis is occasionally caused by environmental factors, such as trauma of the dental region or by multi-reagent chemotherapy or radiotherapy ( Näsman et al. , 1997 ) , the majority of cases of hypodontia and oligodontia are due to genetic factors. Mutations of several genes are associated with syndromic tooth agenesis. To date, the familial and sporadic forms of tooth agenesis have been associated with mutations in MSX1 and PAX9 ( Mostowska et al. , 2003 ) . Interestingly, MSX1-and PAX9-defi cient mice exhibit several other craniofacial abnormalities ( Satokata and Maas, 1994 ; Peters et al. , 1998 ) . As far as a PDC is concerned, there are many theories as to why canine impaction occurs, but they can be separated into two categories: guidance and genetics. Abnormal tooth eruption, abnormal eruption rate, and delayed resorption of primary teeth as possible guidance factors have been cited ( Bishara et al. , 1976 ) . Evidence for a genetic aetiology has many forms, among which is an association between canine impactions and other dental anomalies. Baccetti (1998) and Peck et al. (2002) reported that 33 per cent of patients with impacted canines had other congenitally missing teeth.
Furthermore, it has been claimed that a PDC and second premolar aplasia appear to be different manifestation of one syndrome with incomplete penetrance and variable expressivity ( Pirinen et al. , 1996 ; Baccetti, 1998 ) . According to the present fi ndings, the hypotheses that some tooth anomalies are genetically linked and related to each other should be broadened, i.e. other signs in the craniofacial skeleton may also be present in these patients.
No association between tooth anomalies and other signs in the craniofacial skeleton in non-syndromic patients, except for that found in this investigation, has been previously reported. If in humans, as in mice with tooth agenesis ( Satokata and Maas, 1994 ; Peters et al. , 1998 ) , there may be other craniofacial abnormalities that deserve further studies.
Last, but not least, is the clinical importance of the present fi ndings. For many orthodontists being able to determine whether canine impaction will occur is a dilemma and the timing for preventive treatment of impacted canine is of paramount importance for a successful treatment outcome.
Conclusions
There are several implications of this newly interrelated sella turcica bridge to dental abnormalities:
The prevalence of sella turcica bridge in adolescents with dental anomalies is increased. Age and gender do not signifi cantly infl uence ossifi cation of the ICL. The very early appearance in life of sella turcica bridge, as described by Axelsson et al. (2004b) , should alert clinicians to the possible development of tooth anomalies later in life, as these two phenomenons are to a certain extent associated.
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